Objective-To examine the short-term effects of the nicotine patch or nasal spray on measures of nicotine exposure, withdrawal symptoms, and on maternal and fetal heart rates in pregnant smokers.
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are important research issues [1, 2] . Nicotine replacement therapy may be particularly beneficial for heavier smokers (i.e., those who smoke at least 20 cigarettes per day), who are much less likely to quit during pregnancy than lighter smokers [2] . Moreover, the risks of smoking during pregnancy are dose proportional [3] , suggesting that improving cessation rates among heavier smokers is particularly important.
The nicotine patch and nasal spray approximately double quit rates relative to placebo. A recent meta-analysis in non-pregnant smokers estimated the odds ratio (95% CI) of the nicotine nasal spray to be 2.3 (1.7-3.0) and the patch to be 1.9 (1.7-2.2) relative to placebo. Consequently, these nicotine replacement products are recommended as first-line treatment for non-pregnant smokers who smoke at least 10 cigarettes per day [4] . The patch is the slowest nicotine delivery system; releasing approximately 0.9mg nicotine/hour [5] . Treatment adherence is a major advantage of the patch since it is administered once daily. The nasal spray, the fastest delivery system, best approximates the rise in nicotine concentrations observed with smoking [6, 7] . Hence, an advantage of the nasal spray is that it relieves craving quickly, and therefore may be most useful in highly-dependent smokers [6] . On the other hand, the nasal spray is associated with a number of adverse effects (e.g., nasal irritation, sneezing) and although it relieves symptoms easily it may be difficult for patients to use, limiting its overall clinical utility.
The purpose of this study was to compare the short-term effects of the nicotine patch, nasal spray, or placebo with smoking on nicotine concentrations and withdrawal symptoms, and on maternal and fetal heart rates in pregnant smokers. These two products were chosen to compare a slow with a more rapid delivery of nicotine. Based on studies in non pregnant smokers, smoking would have the greatest effect, nicotine nasal spray would have an intermediate effect, and the patch would have the smallest effect on maternal heart rate and other measures of sympathetic activity [8, 9] . To relieve withdrawal symptoms and to evaluate the effects of nicotine as delivered by two different nicotine preparations, we prescribed daily dosages of nicotine patch or nasal spray that was estimated to produce an overall nicotine exposure similar to smoking 10-15 cigarettes per day. We examined nicotine replacement therapies during the first week of use following smoking cessation, when nicotine withdrawal symptoms peak [10] . This also coincides with the occurrence of steady state concentrations of cotinine (the major metabolite of nicotine and a valid measure of overall nicotine exposure), which are expected to occur after the 3 rd or 4 th day of nicotine replacement therapy [5] .
Methods
The Institution Review Board at the University of Connecticut Health Center approved the study. Participants were recruited from newspaper advertisements and from flyers in local physicians' offices. Subjects were initially screened by telephone. Inclusion criteria included: 1) smoking ≥ 10 cigarettes per day; 2) ≥ 16 years of age; 3) singleton gestation; 4) good general health; 5) established prenatal care; 6) 28-36 weeks gestation; and 7) a desire to quit smoking. Exclusion criteria included: 1) an allergy to adhesive tape (as a proxy measure of sensitivity to the patch); 2) current sinus problems (which could be exacerbated by the inhaler); 3) known congenital anomaly; 4) fetal growth restriction (<5% as measured by a screening ultrasound); 5) current use of another smoking cessation treatment product; 6) current abuse or dependence on drugs other than nicotine; 7) insulin-dependent diabetes mellitus.
Screening-Potentially eligible subjects were invited to an in-person screening visit, at which time they gave written informed consent, underwent a medical history and physical exam, and were given a fetal ultrasound to identify anomalies and to measure growth.
Subjects who smoked more than 15 cigarettes per day were instructed to decrease their use to 10-15 cigarettes per day at least 4 days prior to the first ultrasound session. Subjects were instructed not to smoke for 8 hours prior to their first monitoring session (i.e., overnight cigarette abstinence).
Monitoring Session 1-At 8 AM on the day of the first monitoring session, all subjects received a small breakfast. The smoking monitoring session was conducted in a negative pressure room equipped with a HEPA air filter. Subjects smoked an average of 1 cigarette per hour from 10 AM to 4 PM (i.e., a total of 7 cigarettes). Subjects smoked cigarettes of their own choice and baseline levels of nicotine during usual smoking were obtained. Timing of fetal measurements was planned to correspond with trough and peak nicotine concentrations associated with smoking. A baseline fetal heart rate strip (at least a 20 minute strip) was obtained prior to the first cigarette of the day and again after the fourth cigarette of the day. Nicotine and cotinine concentrations were monitored repeatedly throughout the 8-hour monitoring session (before and 2 minutes after smoking the first cigarette of the day, 2 minutes after the 4 th cigarette of the day, and before and 2 minutes after the 7 th cigarette of the day) to correspond with peak and trough nicotine concentrations of smoking.
Subjects who completed this first monitoring session were randomly assigned to one of three groups in double-blind fashion: nicotine nasal spray and placebo patch, placebo nasal spray and nicotine patch, placebo nasal spray and placebo patch. The research pharmacy used an urn randomization procedure [11] , which balanced the assignment to groups using gestational age (i.e., using a cutoff of ≥ 32 weeks gestation). Subjects were given their medication at the end of the first monitoring session and instructed to begin it on their quit date. The placebo nasal spray contained black oleoresin (piperine) to mimic the sensation of nicotine in the nasal passage. The women were provided with pregnancy-specific smoking cessation materials, counseled to stop smoking (focusing on the risks of smoking during pregnancy and the benefits of cessation, identification of smoking triggers and coping strategies that could be used to manage triggers and nicotine withdrawal symptoms) and were instructed on the proper use of the medication (which included viewing a video on proper nasal spray use).
Subjects were instructed to use 24 doses of the nasal spray each day (one dose is 1 spray to each nostril; each dose contains 1 mg of nicotine, of which 60% is systemically absorbed), and to use the nicotine patch daily (16 hours of use, which delivers 15 mg of nicotine) beginning on their quit date. It was estimated that 24 doses of the spray per day and 16-hour use of the patch would provide nicotine concentrations comparable to those resulting from smoking 10-15 cigarettes per day (each cigarette delivers a systemic dose of approximately 1 mg nicotine based on studies in non-pregnant smokers [5, 12] ).
The study nurse collected data using standardized questionnaires beginning on the quit date to evaluate medication adherence (number of times the nasal spray was used each day; on and off times of the nicotine patch), nicotine withdrawal symptoms [13] and adverse effects. We collected the data during a clinic visit on Days 1 and 3, and by telephone on Days 2 and 4. Cigarette abstinence was assessed throughout the study by self-report and confirmed using an exhaled CO concentration of < 8 ppm at the first and third visits and at the second monitoring session.
Monitoring session 2-On medication treatment Day 5, subjects underwent a second monitoring session that was identical to the first. Subjects were instructed not to use the patch or nasal spray for at least 8 hours before the session. The patch was placed on the subject's arm at 10 am and it remained there until the end of the monitoring session. The subject administered 11 doses of nasal spray during this session. Since the nasal spray is the nicotine product that most closely mimics the pharmacokinetic and pharmacodynamic actions of nicotine delivered via smoking [7] , the second monitoring session substituted 2 doses of nasal spray (administered 5 minutes apart)for a cigarette at key monitoring times from session 1 (i.e., 1 st , 4 th and 7 th cigarettes).
Laboratory assessments-Nicotine/cotinine concentrations were measured by gas chromatography at Hennepin County Medical Center in Minneapolis, MN. The limits of assay detection are 5ng/mL for nicotine and 10ng/mL for cotinine. An obstetrician (WC) who was blinded to the monitoring session read the fetal heart rate strips for baseline heart rate.
Samples size:
In previous studies total nicotine withdrawal symptom scores increased from 4.9 (SD = 1.0) to 10.0 (SD = 1.6) after overnight cigarette abstinence. Based upon this, we estimated that, after overnight abstinence, nicotine withdrawal scores for the placebo subjects would be 10.0 and for TDN and for NNS subjects they would be 4.9-10.0. A conservative estimate for the TDN and NNS groups is a nicotine withdrawal score of 8.0, with a pooled SD of 1.6. Nine subjects per group would have 80% power (p<.05) to detect this difference.
Data analysis-Baseline measures were compared across treatment conditions (nicotine nasal spray, nicotine patch and double placebo) using one-way analysis of variance (ANOVA) for continuous variables and Fisher's exact test for categorical variables (with a Bonferroni correction for multiple comparisons). Repeated measures ANOVA was used to determine the effect of time (linear and quadratic), treatment conditions, and interaction between time and treatment conditions on craving and withdrawal symptoms over five measurement time points (screening, quit day, day 2, day 3, and day 4). The proportion of women in each group who quit was compared using Fisher's exact test.
Daily average cotinine concentration at monitoring session 1 was compared across treatment conditions using one-way ANOVA. The change in daily average cotinine concentrations between monitoring sessions (pre and post treatment) was measured in two ways: first, paired differences between sessions were calculated (daily average cotinine at session 2 minus daily average cotinine at session 1 for each of the 21 subjects); and second, percentage difference between sessions (100% × paired difference/daily average cotinine at session 1 for each of the 21 subjects). One-way ANOVA was also used to test the treatment effect on these measures of cotinine concentration changes at the 5% level of significance.
A mixed model was used to examine the profile of nicotine concentration over time (up to the 4 th order) within each monitoring session, and to test the effect of treatment condition. A similar approach was used to model the profile of percent time of fetal breathing during 30-minute periods at monitoring session 2 with the corresponding measurement at monitoring session 1 as a covariate, and to test the effect of treatment condition.
Paired differences in daily average maternal heart rate were compared across the treatment condition using one-way ANOVA at a 5% level of significance. Repeated measures ANOVA was used to model fetal heart rate at monitoring session 2 with fetal heart rate at monitoring session 1 as a covariate and time (morning or noon), treatment condition, and their interactions as factors.
Finally Fisher's exact test was used to determine whether adverse effects differed by treatment condition (with a Bonferroni correction for multiple comparisons).
Results
Twenty-nine subjects signed consent to participate in the study. Of this number, 6 subjects were not randomized to double-blind treatment: 1 subject served as a pilot subject, 3 subjects did not attend the first smoking monitoring session, and two subjects had pregnancy complications before randomization. Two study subjects dropped out of the study after the first day of medication treatment for reasons unrelated to the study (i.e., death in the family, family illness). Consequently, results are available for 21 women who used medication for 5 days while trying to quit smoking and who also completed both monitoring sessions (i.e., during smoking and again while on study medication).
The characteristics of the study population are shown in Table 1 . The subjects were an average of 30 years old, with the majority being Caucasian and in the third trimester of pregnancy. They smoked an average of 17 cigarettes per day. Approximately 30% of subjects had prior treatment for alcohol or drug problems. The majority of subjects were either married or cohabitating with their partner. There was no statistically significant difference in any of these characteristics across the three treatment conditions (all p-values > 0.05).
Subjects reported using the nicotine patch daily for an average of 14 hours/day. Average nasal spray doses per day by subjects assigned to the nasal spray condition were 12.8, 13.8, 13.4, and 12.3 on Days 1-4, respectively.
Figures 1a and 1b show the effects of the nicotine patch or nasal spray on craving and on tobacco withdrawal symptoms as measured by the Minnesota Nicotine Withdrawal Scale (which measures severity of craving, irritability/frustration/anger, anxiety, difficulty concentrating, restlessness, increased appetite, depressed mood, impatience, and insomnia) across five times points: screening, quit day, and Days 2-4 following smoking cessation. Each item was scored on a 5-point scale (0 = no symptoms and 4 = severe symptoms). As recommended, craving was analyzed separately from other withdrawal symptoms, because it is does not necessarily correlate with other withdrawal items [13] . Figure 1a shows a significant treatment by time interaction (p = 0.025) on craving. Accounting for baseline craving levels prior to the quit attempt, craving symptoms decreased throughout the 5-day treatment for the patch condition. In the other two conditions, craving increased initially on the quit day and decreased over the subsequent time points for the placebo and nasal spray groups, though the changes in the placebo group were much smaller. The best fit for the total withdrawal symptom score for all three groups was as a quadratic trend (p = 0.0002), peaking within the first 48 hours after cigarette abstinence. However, the change in symptoms did not differ among groups (p = 0.79) (Figure 1b) . Short-term quit rates for the entire study were 6/7 (86%) with the nasal spray, 4/7 (57%) with the nicotine patch, and 2/7 (29%) with the placebo treatment (p = 0.147).
At baseline, while smoking, the cotinine concentrations were higher in the patch group 138 (SD = 55) ng/mL and the spray group 130 (SD = 57) ng/mL than the placebo group 77 (SD = 29) ng/mL, though the difference among groups did not reach statistical significance (F 2,18 = 3.23, p = 0.063). The paired-difference in cotinine concentrations between the two monitoring sessions (i.e., while smoking and after 5 days of treatment) was similar across groups [placebo: −62 (SD = 34) ng/mL, patch: −63 (SD = 33) ng/mL, spray: −91 (SD = 38) ng/mL] (F 2,18 = 1.45, p = 0.26). However, the percentage change in cotinine differed significantly by group (F 2,18 = 5.16, p = 0.017), with the placebo group showing a 77% reduction, the spray group a 70% reduction, and the patch group a 48% reduction. A post hoc comparison found significant differences between placebo and patch groups (95% CI = −53, −5; p=0.017, but no statistical difference between placebo and spray groups (95% CI = −31, 17; p= 0.75) or between patch and spray groups (95% CI = 2, 46; p= 0.076).
Nicotine concentrations while smoking (N = 21) and during treatment (N = 7 for each group) are shown in Figure 2 . As would be expected, smoking during the initial monitoring session produced significantly greater increase in nicotine concentrations, with time effects significant time up to the 4 th order (p < 0.0001). Although the study was designed to deliver systemic doses of nicotine comparable to those of smoking, the nicotine concentrations for the active treatments were markedly lower than during smoking. There were significant differences between nicotine concentrations in the first and second monitoring sessions (F 1,184 = 10.41, p = 0.002), over time within sessions (F 2,184 = 19.48, p < 0.0001), and across treatment groups (F 2,184 = 3.24, p = 0.041).
The effects of smoking or medication treatment on maternal and fetal heart rate are presented in Table 2 . During smoking, maternal heart rate increased throughout the day (from approximately 79 bpm in the morning to 88 bpm in the afternoon). Controlling for maternal heart rate during session 1, maternal heart rate during treatment (i.e., at the second monitoring session) differed by treatment group. Specifically, paired differences on the mean heart rate aggregated across the whole day differed significantly by group, with the placebo and nasal spray groups having a greater reduction in heart rate than the patch group (F 2,18 = 4.80, p = 0.021).
The effects of smoking on fetal heart rate characteristics from a subset of this sample has been reported previously [14] . Consequently, we include these measures here only as a covariate in the model examining treatment and time effects on fetal heart rate, during medication treatment. The baseline fetal heart rate decreased in the placebo group throughout the second monitoring session, but increased slightly in the patch and nasal spray groups ( Table 2) . The treatment by time interaction was marginally significant (p = 0.052).
There were no serious adverse events during the study. Treatment emergent adverse events that were moderate or severe are listed in Table 3 . As anticipated, skin erythema and irritation near the patch site were more common in the nicotine patch group and nasal symptoms were more common in the active spray group, though the difference among groups did not reach statistical significance (all p-values > 0.05).
Discussion
Our findings indicate that use of the nicotine patch (15 mg/16 hours) and nasal spray (12-13 doses/day) reduced overall maternal nicotine exposure (as measured by nicotine and cotinine concentrations) in pregnant women who smoke approximately 17 cigarettes per day. The nicotine patch reduces cigarette craving, compared with nicotine nasal spray or placebo treatment, particularly during the first two days of abstinence. The overall picture of the effects of the various treatments (compared with smoking) on hemodynamic measurements suggests that the greatest reduction in sympathetic activity occurs with placebo. In contrast, the effects of nicotine administered via either patch or nasal spray were similar to those of smoking.
These data suggest that nicotine concentrations and overall maternal nicotine exposure (as measured by % change in cotinine) can be reduced with use of the nicotine patch or nasal spray. Data have been published on nicotine concentrations resulting from use of the patch during pregnancy [15, 16] , though we are not aware of any studies evaluating nicotine concentrations associated with use of the nasal spray during pregnancy. The dosage recommended is a minimum of 8 doses and a maximum of 40 doses of nasal spray per day [17] . Although the frequency of nasal spray use in this study was less than instructed, the number of doses per day was similar to the frequency of ad libitum use in smoking cessation trials in non-pregnant smokers [6, 7] . The nasal spray resulted in nicotine replacement (as measured by cotinine) of about 30% of that seen with smoking, which is similar to findings from studies in non-pregnant individuals [7] . In contrast, the patch provided approximately 50% replacement. This is less than expected given that the patch usually delivers 15 mg of nicotine/16 hours, and we instructed subjects to decrease smoking to 10-15 cigarettes per day for four days prior to initiating use of the patch.
Consistent with studies in non-pregnant individuals, we observed that the patch reduced the rise in craving usually observed after smoking cessation [18] . The nasal spray group reduced craving only during days 3 and 4 of therapy. Also, there was not a reliable effect of either nicotine treatment on total withdrawal score. It has been suggested that because of a faster clearance of nicotine during pregnancy, pregnant smokers may actually need higher doses of nicotine replacement than non-pregnant persons to reduce withdrawal symptoms and to quit smoking [19] . Moreover, pregnant smokers have elevated levels of nicotine withdrawal symptoms prior to smoking cessation [20] . It is noteworthy that some of the DSM-IV [21] symptoms of withdrawal (e.g., irritability, insomnia) also commonly occur with pregnancy, which would not necessarily be affected by nicotine replacement therapy and could influence the success of pharmacotherapy for smoking during pregnancy.
Consistent with studies in non-pregnant smokers [22] , we observed a reduction in maternal heart rate with smoking cessation in the absence of nicotine replacement therapy. The magnitude of the decrease in maternal heart rate is consistent with symptoms of nicotine withdrawal observed in other studies in non-pregnant individuals [8, 22] . The reduction in maternal heart rate is generally considered permanent since it does not rebound with continued abstinence [22] .
In this study, we measured fetal heart rate after overnight abstinence and again approximately 2.5 hours later after continued smoking or use of nicotine replacement therapy when significant effects of smoking or nicotine would be expected to occur [23] [24] [25] [26] . We did not find a significant reduction in overall daily fetal heart rate among groups as we did with maternal heart rate. However, we did observe a treatment by time interaction, such that fetal heart rate increased throughout the day with smoking or nicotine replacement, but it decreased with placebo use. The clinical significance of this finding is not known, and given the small sample size, it needs to be validated in future studies.
The primary limitation of this study is the small sample size. We had originally planned to examine the effects of the different nicotine delivery systems on fetal biophysical parameters and on maternal urinary catecholamine concentrations, but the small sample size limited the potential for these analyses. The small sample size was a reflection of the difficulty we encountered in recruiting subjects to participate in the two 8-hour monitoring visits at the end of pregnancy, which is also an important consideration in the design of future studies.
The nicotine patch or nasal spray may be a useful adjunct to smoking cessation treatment in pregnant women; however, more data are needed to evaluate their safety and efficacy in this patient population. Nicotine at any concentration may produce some risk to the fetus [1] . Most clinical studies have examined the nicotine patch rather than an intermittent form of nicotine replacement therapy for cessation. Studies of the nicotine patch in pregnancy have yielded conflicting findings on whether it is effective during pregnancy [27, 28, 29] . The only published, placebo-controlled study of the use of the nicotine patch in pregnancy suggests that it does not improve cessation [31] . An intermittent therapy such as the nasal spray has the potential advantage of limiting nicotine exposure while providing a tool to deal with urges to smoke. This short-term study suggests that both the nasal spray and the patch may reduce overall nicotine exposure and may be beneficial for cessation. More studies are needed to examine the efficacy of nicotine replacement in pregnancy and to examine the risk/benefit ratio in relation to long-term smoking cessation rates and on infant outcomes. Mean craving scores and total withdrawal scores while smoking (screening) and while using nicotine patch, nicotine nasal spray, or placebo for smoking cessation. 
